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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In June 2018, the study item “Study on NR to support non-terrestrial networks” was completed. Potential impacts have been identified (see [1] for the full list) and solutions are currently investigated in the study item “Solutions on NR to support non-terrestrial networks”. From a RAN1 perspective, TUs have been allocated starting from April 2019 to November 2019. The following objectives for RAN 1 have been approved in [2] :
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1].
The first part of this document is focused on the Doppler shift pre/post-compensation mechanism which can be applied at the satellite payload side. It consists in compensating the Doppler shift due to satellite movement experienced at the centre of each beam. 
The second part of the contribution is focused on the issue of timing advance in NTN. Due to larger propagation delays and high delay rates in NTN modifications of current mechanisms are required. 


2. Pre/Post-compensated Doppler shift in LEO/MEO constellations
For LEO and MEO constellations, satellite movement leads to frequency shift values that are currently not covered by current 5G specifications [1].
In this document, we introduce a legacy solution to reduce the worst case Doppler shift values proposed in [1] which is quite common in multi-beam satellite systems. The idea is to operate a “blind” frequency shift compensation on the satellite side. 


Based on the satellite ephemeris and the beam layout knowledge it is possible to predict precisely the relative radial velocity between the satellite and the center of each beam on ground noted . Then, the Doppler frequency shift due to satellite movement is compensated on board as if all the served UEs were at the beam center. 
Note that this approach is applicable for both DL (pre-compensation) and UL (post-compensation) transmissions. It is also applicable for both earth fixed-beams and moving beams scenarios. In the first case, the pre/post-compensated value must be adjusted with time. In the second case, the same value is applied at all time for a given beam.
The pre/post Doppler shift compensation mechanism at the satellite side discussed above should be assumed as a baseline for LEO/MEO NTN scenarios.
An example is illustrated in the figure below for moving beams scenarios :
[image: ]
Figure 1 : Doppler pre/post compensation in a multi-beam satellite system
As a consequence, the Doppler shift due to satellite movement is partially compensated inside the beam but perfect counterbalance can only be achieved at the beam center and for a fixed UE. The residual frequency error can be computed based on the following formula:


Where :
· 
 denotes the relative radial velocity of the satellite in relation to the beam center (in blue on the figure).
· 
 denotes the relative radial velocity of the satellite in relation to the UE (in green on the figure).
· 
 denotes the light velocity.
· 
 denotes the carrier frequency.
Remaining Doppler shift after pre-compensation is therefore highest at the edge of the beam and depends on beam size considered.

Effectively, the maximal residual frequency error after pre/post-compensation will be experienced in beams characterized by high elevation angles. In the above example, maximal residual frequency error after pre-compensation will be observed at the edge of beam number 0 coverage. Note also that  is null for beam number 0.
In this contribution, the maximal expected residual frequency errors due to both satellite and UE movements have been evaluated (cf. Table 1) based simply on geometric considerations. The following assumptions have been made:
· We assumed the discussed Doppler shift pre/post-compensation mechanism is applied
· The earth curve has been taken into account in the computation. 
· The earth rotation has not been taken into account in the Doppler shift computation. In fact, it does not have any impact when polar orbits are considered. Generally speaking, polar orbits can be seen as a worst study case in terms of Doppler shift compared to inclined orbits. The reason for this is that satellites on inclined orbits always rotate in the “same” direction as the earth on the polar axis[footnoteRef:1]. [1:  This design choice is driven by the expectation to maximize satellites visibility periods.] 

· Concerning transparent satellite scenarios, the Doppler shift experienced on the feeder link has been considered negligible. One can assume it can be almost perfectly compensated at the gateway station.
· Concerning the beam footprint diameter, we have considered : 
· the maximal values defined in [3] for each scenario 
· the values taken from the first satellite parameters set defined in the calibration assumptions and agreed in [4]
	Scenario
	Satellite altitude [km]
	Beam footprint diameter [km]
	UE velocity [km/h]
	Max Doppler shift residual error due to both satellite and UE movement normalized by the carrier frequency [ppm]

	C & D
	600
	200
	1000
	+/-4,30

	C & D
	600
	20
	1000
	+/-0,44

	C & D
	600
	200
	0
	+/-4,14

	C & D
	600
	20
	0
	+/-0,42

	C & D
	1200
	200
	1000
	+/-2,1

	C & D
	1200
	40
	1000
	+/-0,42

	C & D
	1200
	200
	0
	+/-2,01

	C & D
	1200
	40
	0
	+/-0,40


[bookmark: _Ref3366074]Table 1 : Maximal residual frequency error values due to both satellite and UE movements
The maximal residual frequency error values due to both satellite and UE movement presented in Table 1 should be captured in [3]  and assumed as a baseline in the link level assumptions for LEO/MEO scenarios.


3. Timing Advance design for NTN
Timing alignment command could be applied in NTN in the same way as in cellular networks. However, due to propagation delays experienced in NTN, this approach will require a significant increase of the number of bits dedicated for the time-alignment command inside the Random Access Response (RAR).
1. Differential Delay and Timing Advance command

Moreover, the above-mentioned approach can be considered as suboptimal in the sense that all UEs in a given satellite beam[footnoteRef:2] are experiencing a common delay. This common delay denotes the propagation time between the gNB (i.e. the satellite for the regenerative configuration scenario and the GW for the transparent configuration scenario) and the closest point on earth in the satellite beam coverage. Then, the total propagation time between UE and gNB can be described by the sum of two components : [2:  We assume here a satellite beam providing SSB signalling] 

· Common Delay (CD) : Propagation time between the gNB and the closest point on earth in the satellite beam coverage.
· Differential Delay (DD) : Additional delay depending of the UE  location in the beam coverage (see figure below)
Note that for moving beams scenarios, the CD value can be considered fixed. However for earth-fixed beams scenarios, the CD value should be updated through time.


Figure 1 : Common Delay (CD) and Differential Delay (DD) illustration for the regenerative configuration scenarios
Therefore, it could be beneficial to broadcast this common delay inside SIBs (System Information Blocks). This way, the common delay can be taken into account by the UE for PRACH transmission. Then, the time-alignment command inside RAR would indicate only the delay measured by the gNB i.e. two times DD. As a consequence, the timing advance for the next UL transmission must be computed by the UE as the sum of the value given in RAR and two times CD. From there, the timing advance adjustment procedure will apply as usual.
Knowing that the DD is in most scenarios significantly lower than the total propagation time, the increase of bits for the time-alignment command in RAR is going to be significantly less or even not necessary. This approach will be very beneficial to minimize the revisiting works of the time-alignment command in RAR to make it compatible with NTN high propagation delays.
Note that this solution can also be beneficial to keep a simple RACH window management procedure at the gNB side.
The Common Delay should be included in SIB. UEs should be able to take it into account for PRACH transmission. As a consequence, TA initial command in RAR should indicate only the remaining delay measured by the gNB.
The Maximal Differential Delay (MDD) values have been computed taking the earth curve into account for each scenario described in [3]. Ground relief impact (mounts and lower valleys) has been neglected and airborne UEs have not been considered. Concerning the beam footprint diameter, we have consider : 
1. the maximal values defined in [3] for each scenario 
2. the values taken from the first satellite parameters set defined in the calibration assumptions and agreed in [4]
	Scenario
	Satellite alt [km]
	Elevation [deg]
	Beam footprint diameter [km]
	Common delay (CD) [µs] 
	Max differential delay (MDD) [µs]

	D
	600
	10
	200
	5,79e3
	6,53e2

	D
	600
	10
	20
	6,37e3
	6,56e1

	C
	600
	10
	200
	1,22e4
	6,53e2

	C
	600
	10
	20
	1,28e4
	6,56e1

	D
	1200
	10
	200
	9,78e3
	6,54e2

	D
	1200
	10
	40
	1,03e4
	1,31e2

	C
	1200
	10
	200
	2,02e4
	6,54e2

	C
	1200
	10
	40
	2,07e4
	1,31e2

	B
	35786000
	10
	500
	1,34e5
	1,63e3

	B
	35786000
	10
	130
	1,35e5
	4,26e2

	A
	35786000
	10
	500
	2,69e5
	1,63e3

	A
	35786000
	10
	130
	2,70e5
	4,26e2


[bookmark: _Ref3220850]Table 1 : Common Delay and Maximal Differential Delay values
2. Ground relief / aircraft altitude impact on DD

The DD is by definition an absolute value. However, if CD is  computed dismissing ground relief and aircrafts presence in the beam coverage, it may lead to some issue during RACH procedure. This phenomena is illustrated in the following figure.


Figure 2 : Illustration of the possible impact of ground relief on DD

Let’s assume the gNB measures that UE3 has transmitted its preamble ahead of time but cannot provide a negative TA RAR Command. The gNB response would include in the absences of better alternatives. Therefore, a timing error would be introduced in the next UL transmission. 

For instance, for a given UE located on a 1000 m summit close  to the beam coverage edge the introduced error experienced at gNB would be in the order of i.e. 6,8 µs. This value is higher than the CP duration for the lowest numerology and would lead to poor demodulation performance.
To address this issue, a simple solution is to assume that a very high peak is located at the edge of the beam coverage closest to the satellite before CD computation (see figure below). The peak altitude assumption must be chosen in function of the highest altitude at which the system is supposed to provide a service. Moreover, if aircrafts are considered as potential UEs then the maximal flight altitude must be taken into account instead.


Figure 3 : Common Delay computation based on peak/aircraft altitude assumption
If this solutions is adopted, the MDD values will increase compared to the values announced in Table 1 and the CD values will decrease of the same amount. The resulting offset values are available in Table 2.
	Altitude assumptions
	Scenario
	Satellite alt [km]
	Elevation [deg]
	Beam footprint diameter [km]
	MDD offset [µs]

	Peak alt = 8848 m
	C&D 
	600
	10
	200
	+1,29e2

	
	C&D 
	600
	10
	20
	+1,62e2

	
	C&D
	1200
	10
	200
	+1,34e2

	
	C&D 
	1200
	10
	40
	+1,59e2

	
	A&B
	35786000
	10
	500
	+1,15e2

	
	A&B
	35786000
	10
	130
	+1,49e2

	Aircraft alt = 15 000 m
	C&D 
	600
	10
	200
	+2,17e2

	
	C&D 
	600
	10
	20
	+2,71e2

	
	C&D
	1200
	10
	200
	+2,25e2

	
	C&D
	1200
	10
	40
	+2,66e2

	
	A&B
	35786000
	10
	500
	+1,94e2

	
	A&B
	35786000
	10
	500
	+2,50e2


[bookmark: _Ref3896260]Table 2 : MDD offsets values due to ground relief impacts or aircrafts.
For instance, for scenario D assuming a satellite height of 600 km, the MDD value to be considered if airborne UEs are addressed would be equal to 870 µs. As a consequence, the CD value to be considered would be equal to 5570 µs.
The CD value included in SI should integrate the worst case topography impacts or  the aircrafts highest flight altitude (depending on the service provided) to ensure the successful completion of RACH procedure in all the satellite beam coverage.
Integrating these assumptions in the CD values computation leads to considering higher MDD values and symmetrically lower CD values. The offset to be applied are described in Table 2 for each scenario.
The MDD and CD values presented in Table 1 should be captured in [3] as working assumptions. The MDD offsets associated to the worst case topography impacts or  the aircrafts highest flight altitude presented in Table 2 should be captured as well.
3. RAR TA design compatibility w.r.t MDD

The revisited time-alignment command in RAR should be compatible with the maximal differential delay experienced in NTN. 







As described in [4],”in case of random access response, a timing advance command [11, TS 38.321], , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of  kHz is .  is defined in [4, TS 38.211] and is relative to the SCS of the first uplink transmission from the UE after the reception of the random access response”. The maximal  values are summarized in the following table.
	Numerology 
	
 max value [µs]

	0 (SCS = 15 kHz)
	2,0046e3

	1 (SCS = 30 kHz)
	1,0023e3

	2 (SCS = 60 kHz)
	5,0115e2

	3 (SCS = 120 kHz)
	2,5057e2

	4 (SCS = 240 kHz)
	1,2529e2


Table 3 : Maximal TA value depending on numerology

A given scenario is compatible w.r.t MDD values only when  maximal value is higher than two times MDD. For LEO scenarios, the RAR TA command design is compatible w.r.t MDD values only for  the numerology 0. For GEO scenarios the current RAR TA command design is currently not compatible w.r.t MDD value.
For both LEO and GEO scenarios, the RAR TA command design must be revisited to operate all numerologies. Another option is to consider smaller beam footprints and/or higher minimal elevation angle. 
In the figures below the necessary number of bits for TA command in RAR as a function of the beam footprint size is presented for different scenarios. The MMD offsets due to the ground relief impacts have been considered here. Note that the current TA command field size in RAR is 12 bits.
The need to revisit RAR TA command design should be investigated and captured in [3] depending on scenarios and numerologies 
[image: ][image: ][image: ]
Figure 4 :  Necessary size of TA command field for different scenarios


4. About timing advance and TDD guard period in NTN
In any TDD system, it is necessary to provide a sufficiently large guard period where neither DL or UL transmission occur when the gNB switches from DL to UL transmission.
The guard period role is to ensure that UEs does not have to start UL transmissions while receiving DL signals. Therefore, it is dimensioned such that the UE located at the farthest edge of the coverage has enough time between the last DL symbol reception and the start of the next timing-advanced uplink transmission to switch from reception to transmission mode. Therefore, the guard period duration computation must take into account the MDD.


For simplification purpose, a regular TDD pattern is assumed, typically with the duration of one or several slots. Indeed, for NTN system, we need to take into account that CD values and by extension TA values considered for UL transmission are much greater than the typical TDD pattern duration. This implies that the guard period scheme applied for TDD pattern  must take into consideration the UL timing advanced transmission constraints concerning TDD pattern . This process is largely facilitated if a regular TDD pattern is assumed.
Considering the two previous observations, the following constraint must be fulfilled when setting the guard period duration for a given TDD regular pattern :


Where :
· GPD denotes the guard period duration.
· MDD denotes the maximal differential delay experienced in the beam coverage.
· CD denotes the common delay experienced in the beam coverage.
· RPD denotes the TDD regular pattern duration.
· 
denotes X modulo Y function.
· 
 denotes the minimal amount of time needed for the UE to switch from reception to transmission mode.

An illustration of the issue is presented in the figure below. For the sake of clarity, proportions are not respected and  is considered equal to 0. The guard period is pictured as “S” period.
The contribution on guard period linked to CD can be significantly reduced if the TDD regular pattern is carefully chosen such that the remainder of the division of two times the common propagation delay by the TDD regular pattern duration is minimized. However, it implies also that it may be necessary to change the TDD pattern when CD is modified in the beam coverage in the case of earth fixed beams scenarios for instance.
The contribution on guard period linked to MDD can be significantly reduced as well if the farthest UEs  in the beam coverage (e.g. UE2 in the figure below) are not scheduled on the first UL symbols of the TDD pattern. It supposes the gNB scheduling management entity can handle such constraints. Based on the MDD values presented at the beginning of the document, this kind of approach seems crucial to reach reasonable guard period duration.
At the end, if the guard period cannot be significantly minimized, it will result in a significant efficiency loss.
Depending on the scenario, if the guard period still has to be longer than a dozen of OFDM symbols, it will be necessary to increase the regular TDD pattern duration (in the order of magnitude of several slots) to mitigate the efficiency loss. However, the long period between two successive UL/ DL transmission periods may lead to unacceptable performance in terms of latency or buffering.
The TDD pattern design and the guard period sizing should be further studied to address the high RTD values experienced in NTN.
Lastly, the interference management between the different UEs in TDD will also be a challenge for NTN especially at low elevation angle and needs to be studied Indeed, the wide range of differential delay experienced by the UEs increases the risks of UEs interfering with each other.
The interference levels between UEs in TDD due to high RTD values in NTN should be investigated.
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Figure 5 : TDD Guard Period for NTN

5. Timing Adjustment procedure
Based on the uplink measurements, the gNB decides when the timing of a specific UE needs correction and provides the UE specific timing advance command. The UE must update its timing relative to its current uplink timing.at most six slots after instructions reception in typical cellular network, this timing adjustment procedure is relatively infrequent depending on UE speed. However, for non-terrestrial networks it may be necessary to update UEs TA much more often because the propagation delay may change significantly very quickly. It is mostly due to satellite velocity which can reach very high values up to 7560 m/s. A good way to characterize this phenomenon is to compute the delay rate in microsecond per second. 
This observation leads to two principal challenges for NTN:
(1) Ensuring the UE is capable to keep track of the DL framing in these conditions. Even if we assume the lower SSB periodicity, the DL timing tracking performance must be further study based on the NTN delay rate assumptions.
(2) If we consider applying the same mechanism to maintain UE timing alignment as in terrestrial network, the number of TA command to be sent per second will be at least equal to the ratio between the delay rate experienced by the UE and the maximal TA step size acceptable w.r.t CP duration (normal or extended). The corresponding signaling overhead needs to be evaluated. If it is considered not acceptable, alternative solutions must be proposed.
UEs capabilities to track DL framing should be further studied based on the delay rate values expected in NTN.
1. Delay rate in NTN

The Maximal Delay Rates (MDR) can be computed based on the following formula for the regenerative configuration scenario. The velocity vectors are illustrated on Figure 6 :


Note that for the transparent configuration scenarios, the worst case delay rate value is achieved when the UE and the GW are co-located. The GW is assumed fixed on earth. As a consequence, the following formula should be applied instead:


Note that for the transparent scenario, the worst case delay rate value is achieved when the UE and the GW are co-located. The GW is assumed fixed on earth.
The earth rotation has not been taken into account in the delay rates computation. In fact, it does not have any impact on worst-case computations when polar orbits are considered. Generally speaking, polar orbits can be seen as a worst study case in terms of delay rate compared to inclined orbits. The reason for this is that satellites on inclined orbits always rotate in the “same” direction as the earth on the polar axis[footnoteRef:3]. [3:  This design choice is driven by the expectation to maximize satellites visibility periods.] 

The results are grouped in the following table. One can notice that for the worst scenario the delay rate is more than a hundred-fold higher than the maximal delay rate value experienced in cellular networks.
	Scenario
	Satellite alt [km]
	UE velocity [km/h]
	Elevation [deg]
	Delay rate [µs/s]

	C
	600
	1000
	10
	46,28

	C
	600
	500
	10
	45,83

	C
	600
	0
	10
	45,37

	C
	1200
	1000
	10
	41

	C
	1200
	500
	10
	40,54

	C
	1200
	0
	10
	40,09

	D
	600
	1000
	10
	23,6

	D
	600
	500
	10
	23,14

	D
	600
	0
	10
	22,69

	D
	1200
	1000
	10
	20,96

	D
	1200
	500
	10
	20,5

	D
	1200
	0
	10
	20,04


[bookmark: _Ref3220741]Table 4 : Maximal delay rates value for LEO scenarios
The maximal delay rates values presented in Table 4 should be captured in [3] as worst-case assumptions.


[bookmark: _Ref6404530]Figure 6 : Maximal Delay Rate computation illustration
2. Delay rate estimation and TA update

If UEs in NTN rely only on TA update command to maintain uplink synchronization at gNB, based on the delay rate considered values and the possible high number of UEs inside a NTN cell, we can confidently assume the signaling overhead will be prohibitive for the system.
A high number of Timing Advance (TA) update commands becomes necessary to avoid interference in NGSO scenarios.
Therefore, it can be beneficial to the UE to have access to an estimation of the delay rate. Based on this piece of information, the UE should be able to autonomously update its TA.
Several ways to do this have been already identified in some previous contributions [5] [6] :
(1) The delay rate estimation can be provided by the gNB through:
a. UE specific commands based on the serving satellite ephemeris and the UE location. The delay rate is then quite predictable. It implies DL signaling overhead (but much less than the TA update overhead when classic terrestrial mechanisms are considered). Also it assumes UE location is known at some point by the gNB.
b. SI values based on the estimated delay rate for a given fixed UE located at the center of the beam. It assumes the GW location and the satellite ephemeris are known at the gNB side. The residual error at the beam edge must be evaluated to see if acceptable performance can be achieved.
If option (1) is adopted, the values/commands provided by the gNB must integrate the long propagation time experienced in NTN.
(2) The delay rate can also be estimated by the UE itself and/or provided by the network:
a. Based on its location and the satellite ephemeris.
b. Based on DL SSB and/or CSI-RS tracking.
c. Based on the previous Timing Advance commands.
Both the feasibility in terms of complexity and the performance in terms of accuracy and overhead need to be further studied for each option.
UE should have access to the delay rate estimation and be enabled to autonomously update its TA based on this estimation.
Several solutions should be reviewed to provide delay rate estimations to UEs. Both the feasibility in terms of complexity and the performance in terms of accuracy and overhead need to be further studied for each option.
Both types of UEs, with and without GNSS capability, should be considered.



6. Conclusion
In this paper, the following proposals and observations have been made :
1. The pre/post Doppler shift compensation mechanism at the satellite side discussed above should be assumed as a baseline for LEO/MEO NTN scenarios.
1. The maximal residual frequency error values due to both satellite and UE movement presented in Table 1 should be captured in [3]  and assumed as a baseline in the link level assumptions for LEO/MEO scenarios.
1. The Common Delay should be included in SIB. UEs should be able to take it into account for PRACH transmission. As a consequence, TA initial command in RAR should indicate only the remaining delay measured by the gNB.
1. The CD value included in SI should integrate the worst case topography impacts or  the aircrafts highest flight altitude (depending on the service provided) to ensure the successful completion of RACH procedure in all the satellite beam coverage.
Integrating these assumptions in the CD values computation leads to considering higher MDD values and symmetrically lower CD values. The offset to be applied are described in Table 2 for each scenario.
The MDD and CD values presented in Table 1 should be captured in [3] as working assumptions. The MDD offsets associated to the worst case topography impacts or the aircrafts highest flight altitude presented in Table 2 should be captured as well.
The need to revisit RAR TA command design should be investigated and captured in [3] depending on scenarios and numerologies
The TDD pattern design and the guard period sizing should be further studied to address the high RTD values experienced in NTN.
The interference levels between UEs in TDD due to high RTD values in NTN should be investigated.
UEs capabilities to track DL framing should be further studied based on the delay rate values expected in NTN.
The maximal delay rates values presented in Table 4 should be captured in [3] as worst-case assumptions.
UE should have access to the delay rate estimation and be enabled to autonomously update its TA based on this estimation.
A high number of Timing Advance (TA) update commands becomes necessary to avoid interference in NGSO scenarios.
Several solutions should be reviewed to provide delay rate estimations to UEs. Both the feasibility in terms of complexity and the performance in terms of accuracy and overhead need to be further studied for each option.
Both types of UEs, with and without GNSS capability, should be considered.
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7. Text proposal
Text proposal on Doppler pre/post compensation :
--- start of text proposal ---
6.X.X Doppler shift pre/post compensation mechanism

There is a quite common solution to reduce the Doppler shifts experienced in multi-beam satellite systems. The idea is to operate a “blind” frequency shift compensation on the satellite side. 
Based on the satellite ephemeris and the beam layout knowledge it is possible to predict precisely the relative radial velocity between the satellite and the center of each beam on ground. Then, the Doppler frequency shift due to satellite movement is compensated on board as if all the served UEs were at the beam center. 
As a consequence, the Doppler shift due to satellite movement is partially compensated inside the beam but perfect counterbalance can only be achieved at the beam center and for a fixed UE. Also, the residual frequency error due to satellite and UE movements after pre-compensation is therefore highest at the edge of the beam and depends on beam size considered. Effectively, the maximal residual frequency error after pre/post-compensation will be experienced in beams characterized by high elevation angles.
Note that this solution is applicable for both DL (pre-compensation) and UL (post-compensation) transmissions. It is also applicable for both earth fixed-beams and moving beams scenarios. In the first case, the pre/post-compensated value must be adjusted with time. In the second case, the same value is applied at all time for a given beam.
Finally, the maximal expected residual frequency errors due to both satellite and UE movements can be computed based simply on geometric considerations. The results have been summarized in Table 6.X.X-1. The following computation assumptions have been made:
· Doppler shift pre/post-compensation solution is applied
· The earth curve is considered in the computation.
· The earth rotation is not considered in the computation (see Note 1).
· The uncompensated Doppler shift experienced on the feeder link is considered negligible for transparent satellite scenarios.
· Concerning the beam footprint diameters, : 
· the maximal values defined in subsection 4.2 are considered
· the values taken from the satellite parameters sets defined in subsection X.X are considered as well
Note 1 : In fact, earth rotation does not have any impact on the worst case Doppler shift values when polar orbits are considered. Generally speaking, polar orbits can be seen as a worst study case in terms of Doppler shift compared to inclined orbits. The reason for this is that satellites on inclined orbits always rotate in the “same” direction as the earth on the polar axis. This design choice is driven by the expectation to maximize satellites visibility periods.
Table 6.X.X-1 : Maximal residual frequency error values due to both satellite and UE movements if Doppler pre/post compensation is assumed
	Scenario
	Satellite altitude [km]
	Beam footprint diameter [km]
	UE velocity [km/h]
	Max Doppler shift residual error due to both satellite and UE movement normalized by the carrier frequency [ppm]

	C & D
	600
	200
	1000
	+/-4,30

	C & D
	600
	20
	1000
	+/-0,44

	C & D
	600
	200
	0
	+/-4,14

	C & D
	600
	20
	0
	+/-0,42

	C & D
	1200
	200
	1000
	+/-2,1

	C & D
	1200
	40
	1000
	+/-0,42

	C & D
	1200
	200
	0
	+/-2,01

	C & D
	1200
	40
	0
	+/-0,40



--- end of text proposal ---
Text proposal on Timing Advance :
--- start of text proposal ---
6.X.X Timing advance
6.X.X.1 Definition of common delay and differential delays in NTN.

In NTN, all UEs in a given satellite beam are experiencing a common delay. This common delay denotes the propagation time between the gNB (i.e. the satellite for the regenerative study case and the GW for the transparent study case) and the closest point on earth in the satellite beam coverage. Then, the total propagation time between UE and gNB can be described by the sum of two components :
· Common Delay (CD) : Propagation time between the gNB and the closest UE on earth in the satellite beam coverage.
· Differential Delay (DD) : Additional delay depending of the UE  location in the beam coverage (see Figure 6.X.X-1 and 6.X.X-2)
For moving beams scenarios, the CD value can be considered fixed. However for earth-fixed beams scenarios, the CD value should be updated through time.
Figure 6.X.X-1 Common Delay (CD) and Differential Delay (DD) illustration for regenerative scenarios  


Figure 6.X.X-2 Common Delay (CD) and Differential Delay (DD) illustration for transparent scenarios  


6.X.X.2 Benefits of broadcasting Common Delay.

Therefore, it could be beneficial to broadcast this common delay value inside SIBs (System Information Blocks). This way, the common delay can be taken into account by the UE for PRACH transmission. Then, the time-alignment command inside RAR would indicate only the delay measured by the gNB i.e. two times DD. As a consequence, the timing advance for the next UL transmission must be computed by the UE as the sum of the value given in RAR and two times CD. 
Knowing that the DD is in most scenarios significantly lower than the total propagation time, the maximal value that should be compensated by the time-alignment command in RAR is going to be significantly reduced. This approach will be very beneficial to minimize the revisiting works of the time-alignment command in RAR to make it compatible with NTN high propagation delays.
Note that this solution can also be beneficial to keep a simple RACH window management procedure at the gNB side.
The revisited time-alignment command in RAR should be compatible with the maximal differential delay experienced in NTN. The Maximal Differential Delay (MDD) values has been computed taking the earth curve into account for each scenario described in section 4.2. Ground relief impact (mounts and lower valleys) has been neglected and airborne UEs have not been considered.
Table 6.X.X.2-1 : Common delay and Maximal Differential values
	Scenario
	Satellite alt [km]
	Elevation [deg]
	Beam footprint diameter [km]
	Common delay (CD) [µs] 
	Max differential delay (MDD) [µs]

	D
	600
	10
	200
	5,79e3
	6,53e2

	D
	600
	10
	20
	6,37e3
	6,56e1

	C
	600
	10
	200
	1,22e4
	6,53e2

	C
	600
	10
	20
	1,28e4
	6,56e1

	D
	1200
	10
	200
	9,78e3
	6,54e2

	D
	1200
	10
	40
	1,03e4
	1,31e2

	C
	1200
	10
	200
	2,02e4
	6,54e2

	C
	1200
	10
	40
	2,07e4
	1,31e2

	B
	35786000
	10
	500
	1,34e5
	1,63e3

	B
	35786000
	10
	130
	1,35e5
	4,26e2

	A
	35786000
	10
	500
	2,69e5
	1,63e3

	A
	35786000
	10
	130
	2,70e5
	4,26e2



The DD is by definition an absolute value. However, if CD is  computed dismissing ground relief and aircrafts presence in the beam coverage, it may lead to some issue during RACH procedure. To address this issue, a simple solution is to assume that a very high peak is located at the edge of the beam coverage closest to the satellite before CD computation (see Figure 6.X.X.2). The peak altitude assumption must be chosen in function of the highest altitude at which the system is supposed to provide a service. Moreover, if aircrafts are considered as potential UEs then the maximal flight altitude must be taken into account instead.
Figure 6.X.X.2 : Common Delay computation based on peak/aircraft height assumptions


If this solutions is adopted, the MDD values will increase compared to the values announced in Table 6.X.X.2-1 and the CD values will decrease of the same amount. The resulting offset values are available in Table 6.X.X.2-2.
Table 6.X.X.2-2 : MDD offsets values due to ground relief impacts of airborne UEs.
	Altitude assumptions
	Scenario
	Satellite alt [km]
	Elevation [deg]
	Beam footprint diameter [km]
	MDD offset [µs]

	Peak alt = 8848 m
	C&D 
	600
	10
	200
	+1,29e2

	
	C&D 
	600
	10
	20
	+1,62e2

	
	C&D
	1200
	10
	200
	+1,34e2

	
	C&D 
	1200
	10
	40
	+1,59e2

	
	A&B
	35786000
	10
	500
	+1,15e2

	
	A&B
	35786000
	10
	130
	+1,49e2

	Aircraft alt = 15 000 m
	C&D 
	600
	10
	200
	+2,17e2

	
	C&D 
	600
	10
	20
	+2,71e2

	
	C&D
	1200
	10
	200
	+2,25e2

	
	C&D
	1200
	10
	40
	+2,66e2

	
	A&B
	35786000
	10
	500
	+1,94e2

	
	A&B
	35786000
	10
	500
	+2,50e2



For instance, for scenario D assuming a satellite height of 600 km, the MDD value to be considered if airborne UEs are addressed would be equal to 870 µs. As a consequence, the CD value to be considered would be equal to 5570 µs.
--- end of text proposal ---
Text proposal on Timing adjustment procedure
--- start of text proposal ---
6.X.X Timing adjustment procedure

Based on the uplink measurements, the gNB decides when the timing of a specific UE needs correction and provides the UE specific timing advance command. The UE must update its timing relative to its current uplink timing at most six slots after instructions reception. In typical cellular network, this timing adjustment procedure is relatively infrequent depending on UE speed. However, for non-terrestrial networks it may be necessary to update UEs TA much more often because the propagation delay may change significantly very quickly. It is mostly due to satellite velocity which can reach very high values up to 7560 m/s. A good way to characterize this phenomenon is to compute the delay rate in microsecond per second. 
6.X.X.1 Experienced delay rates in NTN	

The delay rates values experienced in GEO configuration scenarios are close to the delay rates experienced in cellular networks. Indeed, thanks to the specificity of the GEO orbit the relative speed of the satellite w.r.t  the ground remains quite low (up to 35 m/s for the worst case). However, for LEO configuration scenarios, the delay rates can reach very high values.
Figure 6.X.X.1-1 : Maximal Delay Rate (MDR) computation illustration



The Maximal Delay Rate (MDR) can be computed based on the following formula for the regenerative configuration scenario. The velocity vectors are illustrated on Figure 6.X.X.1-1.


Note that for the transparent configuration scenarios, the worst case delay rate value is achieved when the UE and the GW are co-located. The GW is assumed fixed on earth. As a consequence, the following formula should be applied instead :


The earth rotation has not been taken into account in the delay rates computation. In fact, it does not have any impact on worst-case computations when polar orbits are considered. Generally speaking, polar orbits can be seen as a worst study case in terms of delay rate compared to inclined orbits The reason for this is that satellites on inclined orbits always rotate in the “same” direction as the earth on the polar axis. This design choice is driven by the expectation to maximize satellites visibility periods.
The Maximal Delay Rate values for each LEO configuration scenarios are grouped in the Table 6.X.X.1-1.
Table 6.X.X.1-1 : Maximal Delay Rates (MRD) value for LEO scenarios
	Scenario
	Satellite alt [km]
	UE velocity [km/h]
	Elevation [deg]
	Delay rate [µs/s]

	C
	600
	1000
	10
	46,28

	C
	600
	500
	10
	45,83

	C
	600
	0
	10
	45,37

	C
	1200
	1000
	10
	41

	C
	1200
	500
	10
	40,54

	C
	1200
	0
	10
	40,09

	D
	600
	1000
	10
	23,6

	D
	600
	500
	10
	23,14

	D
	600
	0
	10
	22,69

	D
	1200
	1000
	10
	20,96

	D
	1200
	500
	10
	20,5

	D
	1200
	0
	10
	20,04



--- end of text proposal ---
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